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Brent Awtromomers,

The Messrs. Macmillan have published In
book form a remarkable ssries of Iretures do-

o livered by Prof. O117&n Lobor at the Univer-

sty Collega, Livarpool. The title Pionesers of
Srienve Ip somaewhat too broad for tha sontants
of tha valume, for the author confines himasll
to dangribing In popwisr Iangusge the grent
{ wihlevemants in astronomy and the men hy
“whom they have beem made. Neginnlng with
Cararnieus and Tyalo Drahe, Mr. Lodds nro-
candn to Kepler and Galiloo, next to Depoartan
and Nawton, and so on to Hosmer and Prad-
ley. Lagmnge and Iaplace, ITernchel and Des-
sel. Other lerturen dnal with the dissovery of
. the ssterolds and that of Neptune, with com-
ot and meteors, and fnaMy with the tides nnd
vlanatary evolution. !
L
Nleolas Copernlk, better known by the Latin.
{zed form of his name, Copsrnlous, Is balleved
to have beon & (larman, although ha was born
st Thorn in Polish Prussis and graduatsd at
Ctacow University. He was Instrueted In
axtronomy at Cracow, and learned mathe-
maties at Dologna. Thence he went to Rome,
whers he was made profossorof mathematics,
and nonn afterward he went Into ordera On
hia ratirn home hie took charge of the prinel.
pal elivreh in his native placs, and afterward
moted to Frausnburg, naar the mouth of th
Vistula, where e apent the rest of hialife. It
in noteworthy that to Polish Prussia we owe
tha sarllent of modern astronomers an well as
the greatest of modarn philosophers, Kant.
Cophrnlous was a aulet. scholarly monk
whose lile wis passed In stud$ and meditas
“tlun, His Nest work In asironomr waa the
eompllation of tables of the planetary motiens,

*". which were far more corract than ahy which

bad hitherto appearsd, and which romalned
+ mervionable long afterward. 1'he Ptalemalo
" sfatom of the hsavens which had rematned the
orthodox conception throughout the Chris-
tian era. he andeavored to improve and sim-

*'. plity by the hypothesia that tho sun was: the

. 1 eentre of the planetary system instead ‘ol the
earth. The first consequences of this change
he wronght out for many years, produciog In
the end the famous work " On the Revolutions
of the Celestial Orbs,'"" which embodios all his
yalbataking caloulations, and applies his now
theory to each of the bodlea in the solar ars-
tem. Not until the very end of hia lile was thes
book put into typs, but a printed copy was
brought to his bedalde so that he might fesl {t
before he disd,

The. revolutionary conssquences of his hy-

.. pothesls were not apprecinted at the time,
partly betause his teaching was burled ina
ponderous and learned treatise, partly be-
oause the teachor was an ecolealastic, malnly
beoaunss he was apatient and judiclous man,
content to stute his views In qulet conversa-
tion and let them gently apread for thirty

* years before he published them. When he
did publish them he dedicated his book to the
Pope, and Iinduced a Cardinal to bear the ex-
pense of printing. Thus the Roman Church
‘was made to stand sponsor to & system ol as-
tronomioal doetrine against whieh in the pext
century It was destined to burl [ts anathemas
and to Infllat on (ts comsplouous adher-
enta torture. Imprisonment, and  death,

The = achlevement of Topernleus may
be summed up In & sentenca He
demonnstrated the truth of & theory

said to have been taught by the Pythagoreans
and Aristarchus, but whioh had agaipst 1t the
great welght of Aristotle's authority and
which was new to the modern world. He put
the sun in its true vlace as the eentrs of the
solar system: he groatly simplified the theory
of elanetary motions by this step; he sxhibited
tho precession of the equinoxes (discovered by
Hipparchus) as due to & conical motion of the
earth's axis; and by means of a mimpler
theory and more exact planetary tables, he re-
duoad to some sortof orderthe confused chaos
of the Ptolemalo system. Copernleus himself
< falt the hypothsais of the motion of the earth
to be s difoulty. Mr. Lodge pointa out that its
acoeptance {s by no means such an easr mnd
ehildish matter as we are apt now to rezard It.
and the hostility to It 1s not at all surprising.
The majority of the men of the present
day have grown mcoustomed to hear
the motion of the earth spoken of;
their ncceptance of f{t means nothiog;
the attitude ot the paradoxer who denles it
evinces more Intelligence. The author ac-
knowledges for himselt that it was a long
. time before he could realize the revolution of
the earth. Think. he saya of the solld earth,
with trees and houses, eities and countries,
mountains and seas—think of the vast tracta
of land in Asia, Africa, and America—and then
_ pleture the whole mass spinning like a top
and rushiog along its annual course around
the sun at the rate of nineteen miles a socond.
Thep, again, to imagine & possible antipodes
must have been a tremendous obstruction in
. the way of concelving the earth as asphere.
Mr. Lodge has found that Intelligent ehilldren
Invariably feal the grentast diMeulty In realiz-
ing the existence of inhabitants on the op-
posite side of the earth. Of course, stupld
chlidran, like stupld persons In general will
belleve anything they are told: Lut the kind
of difficultios folt by intelllgent and thought-
ful children are most inetruetive, since It ls
weortain that the early philosuphers must have
encounterod and overnome these very same
diMoulties by thelr nnalded genlus.
NorarethodiMeulties involved in the concop.
tion of the earth asasphere revolving round
the sun only phyeical; they are still more felt
from the speoulative and theologlcal points of
viow. liven now the reconclliation of theology
" withastronomy ean hardly be consldered com-
plate. Thoologians, Indeed, do notdeny the fact
of the extrems subordination of the eurth in the
scheme of tho universo, but many of them lg-
nore it. Sosoon as the Homan Chureh uwoke
to a perception of the tremendous and revolu-
. tloosry Import of the doctrines of Copernicus,
. It was bound either to resist them or else to be
false to its traditions. Forthe whole tenor of
* men's thought would be ehanmed it tliey ao-
coptod It. If the enrth wero not the central
and all important body in the universe. If the
sun and planets nnd stard were not attendant
nud subsidiary lighta, but were other worlds .
lurger, and perhaps guperlor to ours, where
was man's place In the cosmos, and where
were the doctrines which the Church had
maintained to e irrofutable? It was notto
. béexpected that much u revolution would be,
"socepted Inaduy, or In & century: mndthe
" plnn naturally adopted by the Chuech was to
treat It as a hercsy sud try to crush It out.
Inasmuch, moreovor, an selentie progross
“ was vastly slower In tlie sixteenth century
‘than It Is now, not only all priests, but even
‘ many ustronomers, one hundred years after
Coparaleus, still fmagined the earth to beat
yeut. Awong the mea of sclonce who still ad-
" hered to the P'tolemalo system, although he
, Was bora three yenrs ufter the death of Coper-
nious, was T'ycho Brahe. My Lirth u Danish
noble, hie was sent 10 the University of Copen.
hagen to study law, but was attracted to as-
tronomy hy the occurrence of an oclipseon the
piedicted duy. He Legan to soostrugt astro-
nomieal fustruments, wid produced A quad-
runt snd & sextant, With funds provided Ly
tha King of Dyntonrk, ho built Uraglburg, the
first wodern observatory, provi it with
means of accurate observation not squaled at
+ the time or for long afterward, and becams
the founder of justrumental astronomy. His
theorien were poor, but his obssrvations wers
sadmirable. Heintroduced s precision {n men-
suration before undreamed of, and though his
ljensurements according to modern ideas are
; ldicrously rough (oo such thing as & tele-
| Soops or B wicroscope haviog been invented),
¥ol, In view of the sra at which they were
mnde, thay are marvels of aocuracy, sud not &
slogle mistnke due to earelessness has ever
byoy detectad in theu.  For eartaln purposes
+ fonnected with the proper motion of the stars
they are still appealod to, and they rorved as

worthy data for pateral suocesd| .
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teacher of Kepler. The son of & poor ofMear In
tha army of the Doks of Wirtamberg, he wans
at firat & tavarn pot boy, but was ultimately
sent to a charity sohool snd themce tothe
University of Tobingen. e studied mnathe-
maties and accepted an astrcnomical lecture-
alilp at Grae In 1507, at the age of 24, he
publishad his fleat fanociful hypothesis, br
which he endeavorsd to dissover seme con-
eection hetween the number of the planets,
thelr times of* ravolution, and thelr distances
from the sun, Two years Iator he wan Invited
by Tychn Brahdto Prague. whither this Danish
astronomer had rotired from hils native coun-
try.  After Incredibls labor, through Innumer-
able wrong guassos, and alx years of almost

Incensant enleulation, Kepler at length
emorged with his two first " Lawa"—
discoveries  which swept away all epl-

eycles, defersnts, equants and other rem-
nants of the Greek aystem, and ushersd
in the dawn of modern aatronomy. These
Inwa, it Is well known, wers, first. that the
planets move in elligmes with the sun In one
fooun and, nocond, that the radius veotor (or
line joining the sun and planet! swesps out
oqual areas In equal timea. Ultimately, Kep-
ler discovered the connection between the
times and distances of the plansts, for which
he had boon groping throughall of his mature
1ife. Thia law, which he announced in 11118,
inthat the square of the time of revolution
(or year) of oach nlanat (s proportionate to the
cube of {td mean distanos from the sun. Iia
three laws, taken togother. place him If the
very highest rank of scientifio men. They In-
troduced order and simplicity into what else
would have besn a chaos of the details of ob-
sorvation, and they aerved as n necure basis
for the aplendid fabrio to be reared on them
by Newton.

To realize what Kepler did for astronemy It
is nocensary for usto consider somn sclence
still In Its Infaney. Astronomr I8 now so’
thoroughly explored that it {s difMeult to put
one's sell Into the attliude of the men of the
sixteenth rontury.! Let us take, thon, rome
other sclence, etill barsly developed, like ma-
teorology. for example. The science of the
wonthor—the successlon of winds and rain.
sunshine and frost, elouds and foga—Iis now
very much in the condition of astronomy Le-
fore Kepler. Obscrvation Is heaped on ob-
servation, tables are comuplled, volumes are
NMied with data, tho hours of sunshine are re-
corded, the fall of rain, the moisture In theair,
the kind of elouds, the tomperature; milllons
of factn: but whore s the Kepler to study and
brood over them? Where s the man to spend
hin life in evolving the boginnings of luw and
order from the midat of all this chaos? Alife
of such labor, crowned by thres brilllant dis-
coverles, was that of Kepler. The experi-
mental obsorver is indispensable, but how
bmokward would selonroe be wers abservalions
not interpreted by thinkers Iike Copernicus,
Kepler, Newton, and Laplace.

i,

A contemporary of Kepler was Galileo. The
Intter was born In the year 1504, In which Mi-
chael Angelo died. and he died In 1042 the
year In which Newton was born. The perse-
cution of Gallleo did not hegin until 1615, nor
hecowne Intense untll 1032; from the last-
namod date it insted till his death. Norn at
Piaa, Giallleo studied mediclne In the unlver-
sliy of that clty. He wan an experimental ob-
server. It was by experiment that he refuted
the nspertion of Aristotle that bLodies fall at
rates depending on thelr welghta. Gallloo, on
the econtrary. contended that the weight did
not matter in the ,cast, Lut that everythilng
would fall at tho samo rate, aven a fenther Lut
for the resistance of the alr, and would reach
the ground at tho same time. To convinee his
opponants, he ascended one morning the fa-
mous leaning tower of I'ina, taking with him n
100-pound shot and & one-pound shot. Inthe
presence of the assembled unlversity,
he balanesd them on the adge of the tower
and let them drop togethar. Together thoy
foll and together they atruck the ground. This
vietory over the Aristotalinns made (fallleo un-
popular in Pisu, and he presently found his
professor’s chair untenable. Having received
the offer of a professorahip at Padun from the
Benate of Yenice hie nccapted it, and began n
successful cnreer. It was ot Venice that Giali-
leo Invented the telescons. He had hoard, to
be sure, of & toy constructed by a Duteh op-
ticlan out of a couple of speciacle lenses,
through which, it one looked, the weather
cock of n neighboring church spira was seen
nearer and upside down. Galileo's instru-
ment was made on another plan from that of
the Duteh optician. He took an old and small
organ pive. jrmmed = suitably chosen
spectacle glass into ecither end, one
convex, the ather concave. and thus pro-
duced the hall of & wretched opura glass,
oapable of magnilying three timese It
wan better, howover, thon the Dutehnmian's
toy. becnuse it dil not Invert. FEven with
thls rude telescope it was possible to make
shipa visible from one of tho highost towers in
Venice two hours beloro they were seen sn-
tering the harbor. Subsequently Galileo rue-
ceeded In making s telescope mognifying
thirty times. Kaquipped with this hio was ready
to bogin o survey of the heavens, The first
objert h: examined was the moon, where La
found vverything at first sight very like the
earth—mountains and wvalleys, crators pnd
plaina. To the disgust of tha Aristotelinns, he
not only made the moon like tho earth, but e
mado the earth shine Hke the moon, explnin-
ing by earth-shine the vislbility of * the old
moon in the now moon's armi” One of the
slock argumounts against the Copernienn
theory of the earth bslng o planel was that
the earth was dull and durk, and did not
shine. Gallloo argued that it shone just as
much as the moon doos, and, in fact, rather
mory, capecinlly If It be covered with elowds.
Been from tho moon, the earth would look ox-
actly as the moon, does to us, only a lttly
Lrighter nud slxlesn times as big. It s note-
worthy that Gallleo made a yory good estimute
of the height of lunar mountaing, ol which
many are live miles high and some as mnch ns
soven, Wherever In the flrmanent Galilpo
turned his telescope new stars nppeared. The
milky wuy, which had so puzzled the uncients,
wan found to be composed of stars. His most
brillisnt achlevement was the discovory of the
four moons of Juplter, Hin oppouents con-
tended that thers were more than four, but no
proof uf the nasertion was furnlshed until lust
year, whon news from the Liek Observatory
mddethe existence of a smull Nfth satellite of
Juplter not Improbable. It should also Le
remembored that Gellleo Invented a ther-
mometor and a microseope. Il we pass from
hisachievements In lnvention and observation
to the results of study and meditation,
wa must regard as his wolghtlest parformance
his formulation of the laws of motion, the out-
come of the appliceation of mathematios to
expurimont. We have soon hew he showed
that all bodies fall st the same rate, except lor
the disturbing effect of the reslslanes of the
air, Whnt is this rate? The belght through
which & dropped body falls [s not proportional
to the time simply, but to what Is called the
square of the time, that is, the time multiylled
by itselt. Thur, in one second, a freely falling
body near the earth is fouud to drop sixteen
feet. Intwo seconds it drops sixty-four feet,
that ls, sixteen muitiplisd by the square of
two, lnthree seconds it drops 144 feet, or six-
tesn multiplied by the sguare of three, and so
on. The fact that the helght through which &
body falls is proportional to the square of the
time, proves that the attraction of the earth or
the intensity of aravity may ve regarded as
eonstant through orainary small ranges
Through great distances gravity cannot be
copsidered ocnstant: under such olreum-
stapces the Galliean lawaf the square of the
time does not hold,

Whether Bruno was sxsouted for heresy Is
stiil disputed, but there is no doubt that he
was lmprisoned for teaching Lthe plurality of
worlds, the Copernican thieory of the motion
of the eurth, mnd other hsterodex doc-
trines. His death oceurred In 1000, and Lis
treatment would paturaliy makea deep Im-
pression upon Galilen. Nevertheless, while
still & vrofessor at Padus. and not long after
Bruno's death. he threw down the gauntlet in

favor of the Covernloan theory, repudisting

the old Ptolemalo system whish ue to thas

time had baen ta in the tmivaraity. He
continued to teach the CopsraipAn. doottine
after his ramoval from Padoa te Tuscany, and
In 1015 Pape Paul V. raquested him to come to
Itgme to axpiain his views. He made n most
sucesasiul vislt, maintaining his . opinions
agnlnat fiftenn of twenty disputapts, and con-
founding his.opponente. He. had sn mu-
dience with the Pope, and the Lwo partad
good friends: hs also made & . speclal
friend of Cardinal Barberino, who bocama
the noxt Popa. Notwithstanding thess pleas.
ant fentursas of his reception. the Copernlean
system was condemned; both the book of Co-
pernlous and Kepler's epitome of it were
plaend on the forbidden list iwhere they re-
malned till 1835); and Galllgo himusall wha for-
mully ordersd never to teash or bellava the
motlon of the oarth around thesun. Galileo re-
turned to Florencs in disgust. but ha would
have romained unmolested had he not. after
the nceassion of his personal friond, Cardinal
Barbsrino tothe Papal throne in 1029, hrought
out his greatsat Htorary work, " Dialogues on

the 'tolemaleand Copernican Systomn.' It was
#nld by his enemios that his friend. tha T'ope,
wan reprosentad in the eharnoter of Blmpliclo,

an Aristotalian phliosopher. who was mado
to propound the stock absurditles which

nerved In lieu of arguments to the majority of
men. Whether Urban VIIL belleved the
charge or nnt, It Is osrtain that his favor
wns thonoeforth withdrawn from Gallleo,
and (n 1032 the Iatter was summooned to Home,

whern he was sxamined by the Inauisition.

For somn timo the Indulsition denlt with him

as leniontly an possible.  Although freaquently
Intarrogated betwesn Fobruury and June,

1188 ho was not then subjectad to torture

What happened during thethree days between

Juno 21 and Juns 24.when he was in the
ehambiers of the Inquisition, [n to this day u
mnttur of controversy.  Several eminent
scliolars have held the fact of actual tortuts
to bo indisputable, finding concluslve evi-

denco in the harnin trom which hs afterward

suffered, this beoing a well-known and

frequent . outeome ol tha rack, Other

eommuntators, eaunlly learned.. deny that

the torturs stage was reached. What is

cortain I8 that, at some time during
those three days and under pressure, either

pliysieal ar moral, the old man—ho was saven-

ty—eonaentod to recant. On the day alter his

removil from the ehambors of the Inquisition

he wna taken to the Convent of Minerva,

where, In the presence of the Cerdinals nnd

prolates nssemblod for the purpose, he for-

majly abjured the belliel that the enrth is not

the contre of the nniverse and the beliel that

It Ia movable, Thoy who eredit the story

about his muttering to a friend na he rose

from his kneas ** E pie #i minore " (for all that,

it moves) do not sppreciate the situntion.

(inllleo hnd no friend In the place, and it
would bave Leon fatul to multer any-

thing befora such mn ssremblage. More-

over, he wns by this time an utterly

broken and disgracéd old man, wishiul

of all things to get away and hide himsell and

lils miseries from the publia gaze: probably

with his senses deadenad and stupefied by the

mental sufforings he had undesgons, and no

longer able to think or care about anything

except, perhops, his daughter. who was then

Iving on her deathbed. Condemned to a moli-

tary existence at Arcotrl, he yet found energy

vnough to compose the dialogues in which

the true lawaof motion ara sot forth for the

firat time, and which, as we have snid. are now

accounted his most solid achievement. One

more astronomienl discovery ho was to make,

that of the moon's libratton, and then fell a

fiual erushing blow; he became totally hlind.

Yot ke lived five yéars longer, during which he

was visited by John Milton, who has recorded

tho pathetie incldent in one of his moat mem-

orable prose compositions, and who was des-

tined in his old agoe to suffer the same fate,

v,

We have sald that Galileo died In the year
(142} In which Newton wns boro. What
scientifie name deserves to rank between
thom ? Afanypersons would say timt of Bacon,
but Bacon's ¢lalgy s rejeated by. Mr. Lodge on
the ground that he was m literary man and not
a sclentist. and that his so-called rules for
making dlscoveries hnve never been eon-
aclously or often wunconselously followoed by
exporimontnlists. Bacon sneered at the work
of Ginlileo and rejocted the Copernican thoory
aanbsurd. It isaccordingly Descartes whom
the nuthor of this volume would place butween
Gallleo nod Newron, although tha most fm-
portant work of Descartes wns done ln philos-
ophy, mnathematies, physica and anatomy.
His  chiel  sclentiflc  achlovement was
the appliention of algebra to geometry, and he
is mainly connected with astronemy by hia
now abandoned “theory of vortices,” Invented
to accounlt for the motions of planets, Descar-
tes had no notion of suffering on account of
his opinions, When ho heard of tho porsecu-
tion and recantation of Galiloo, he deforred for
ten years the publication of his P'rinelpin
Mathematica. nnd, when ho ultimately printed
it, formally teniod that the earth moved. The
truth, of' couran, was that Descartes eared
nothiog at all about the Chureh or its dogmas.
He #as n skoptic, yet uot in the least an athe-
ist, for a greut part of his philoronliy was oe-
enpied with what he coasidered o rigorous
prool of the existonce of tho Deity. .

To those who oxnlt experlment at the ex-
penso of deduction. Mr. Loage points out that
Descartes wns o procursor of Newlon inthis
respect, that his genernl method of rescarch
wus ns nearly as possible n purely doductive
one. That s to say, he starts after the man-
nor of Eualid with afew simplo prinedplos, pnd
then by & chain of reasoning endenvors to do-
duce from them their consequences, ani 8o to
Luild up, bit by bit, ap edifies of eonnonted
knowlodge. Tt is true that this method ean-
not be safoly followed without contindal ap-
ponla {o sxporimont for veriflcation. It was
through not perealying the necessity for such
avpeals that Descartos erred.  His hyportanes
to selence low not so much in what lio actually
discovered na In hisantielpation of the right
conditions for the solution ef yrobloms In
vhyslenl sclonee e, In fact, made the
discovery that nature could, after nll,
Lo Interrogated mathematieally, n  faot
that  was In great danger of remanin-
ing unknown., A reaction sgainst de-
ductive reasoning had sct in, led by Gnalileo,
persisted In by the whole modern school of
experimental philosophy, and lasting down to
the presont day. It is nottrue, however, that
the only right way of Investigating nature Is
by experiment and olsorvation, ‘T'his is, in-
deod, an abeolutely nocessary way, but it la
not the only way. A foundation of experl-
mental fact there must be: but upon this a
£roat structure of theorstienl dedtictions can
be based, all rigldly eonvected togother by
pure rossoning, and all negessarily as true as
the premisvs, provided no mistake has been
mude, To guard agalnst the possibility of
mistake or oversight, all concluslons munt
tooner or late; be bronght to the test of vx-
peritent. If the test cannot Le Lorna the
theory iteell must be reéxamived and the faw
dineoverod, or else the theory must Le nlan-
doned. Of this deductive method, which in the
hkods of Newton was to lead to such stupen-
dous results, and which esmbined with experl-

Ennt. has made selence what It [¥, we owe the
cglunlng sod early slagesto Doscartes.

v.
Three chapters of this volume are devoled
to Newton., and in one of them Is given m sin-
gularly clear acoount of the principal dlscov-
erien set forth in the Frincipla. As this so-
ceunt s given In popular language, without

ently mark some features of it. But, first, we
will recall hastily the chlef outward festures of
Nowton's life. Born, as we havesaid, in 1042,
be died In 1727, at the age of 85 His father
was asmal. freehold farmer of Lincolnshire.
At the uga of 10, thée Loy Isaee wus ramuy-
ed from Folicol to be made a farwer of, butas
he did not promise to turn out & good one, his
mother's brother, who was & parson, arranged
fo send hLim buck to school, and tnence to
Cambridge, where he sntered Trinity College
As 8 sub-sizar in 1001, The Cambridge men
who used to sneer at aslzars must
have forgotten that Newton was one of

them. A% the uaiversity Newiem studs

any recourse to techniesl tarms,we shall pres- .
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fed  the geometry of Descartes; found
out for  himeslf & method of Infnite
sorios and began the Invention of fluxions
In 1600 he was driven from Oambridgs by the
nlague, and, whils staying at his oativevilince
In Lineolnshire, tho famous avple foll, which,
an he alterward rocorded, suggented the train
of reflectlons romulting in the discovers of the
law of gravitation, At the nge of 21 ha bocame
8 professor of mathematios at Cambridge, and
lectured on optios with great success. Three
yaars Iater ho eommunioated to the Royal So-
clety the outeome of his optical researches.
Ineluding his reflocting teloscope, his dispor-
err of the sompound nature of white light,
and his obssrvations In diffraction. He nalso,
atthis time, Invented the modern sextant, In
1672 he began the Principla. working In si-
lonce. The first purt of this work was pube
lished in 1087 and the completa edition In 1713,

In the year 1072, whan Newton was but 10
yonrs old, iohad already accompllahed snough
for the life work of one man. He had discoy-
ored the mature of white lght and thotrue
dootrine of eolor, and he had Invented the dif-
forential oaloulus. He had achiaved other
momorable things, such. for instance, as the
binominl theorem, the reflecting teleacope,
and the sextant. The masterpiece remnins
unmontioned, the achiovement wheraby New-
ton towers head and shouldora over not only nll
of his contemporaries, Lut over every selentifle
man who has ever lived, in & wav for which wo
can find no parallel In other departments of
human activity. It was In the year named
(1672) that Newton heard of thes earelul do-
termination of the lenath of a degres—In other
words, of the sine of the earth—-which hnad
been made Ly Pleard, near Parle, 'The
length of the degree turnod out to ba
not sixty miles, but nearly seventy miles,
Armed with this new fact, Newton turned
back to his old speculation concerning gravity,
Ho had worked out tha mechnanics of the
solar system on a nertain hypothesis, but it
had remalned n hypothesls somewhat out of
harmony with apparent fact. He took out his
old papera ani began again the ealculntion,
If gravity ware the forea kesping the moon In
ita orbit, 1t would fall toward the earth alxteen
fest avery minute. How far did it fall? The
newly known skze of the earth would modify
the-figuron;: with Intense excitoment Newton
ran through them, his mind leaping bafors his
hand, and as he' percelved the answer to be
coming out right, all tha scops and menaning
of his discovery came with a blinding Nash
upon him. He could no longer soe the paper;
he throw down the pen: the secret of the unl-
verna was o one man at least revealed,

Hut, of courss, the proof had to be worked
out. The meaning of the discovery might
fMush upon Newton, butthe demonstration of it
In detall required yenars to elaborate. For two
years ho devoted himself golely to this one ob-
jeot. Durine that time he lived but to ealou-
Iate and think, and the most ludicrous storles
nre told concerning his entiro absorption and
inattention to ordinary nfalrs of life.. It was
by this continuous application that the Prin-
cipin ‘was mccomplished, nnd &t may bo that
nothing of the first magnitudecan be nchloved
withouta ke absorbad unconsclousness and
freedom from interruvtion. DBut. though de-
sitatile and essentlal for the work, It was a se-
voere tax upon the powers of the man. There
is, In fact. no doubt that Newton's brain suf-
fered temporary aberration after this effort.
The attnck was slight. and it has been denied,
but theronre letters extant which are Inexplie-
ahle upon any other hypothssia. The de-
rangemornt was, however. slightas woll as
teinporary, and it In only instructive asshow-
ing at what cont such o work asthe Principla
must be producod.

What in the law of gravitation? It |s, of
cour#e, that every particle ol matter atiracts
every other particle of matter with a force
proportional to the mass of It and to the In-
verse square of the distance between tham.
The following are some of Newton's deduo-
tions from this law: In tho frat place, by
knowing the length of the year and the dia-
tance of any planet from the sun, the sun's
mass can be caldulated In torms of fhit of the
CArth. Bd, tdo. the' mass of any pland® poskess-
ing a satellite can be computed. Again, since
the moon is attracted not only by the earth,
but by the sun al=o. ita orbit is perturbed,
and Newton caleulnted out the chis! of
these perturbatlons. As, moroover. ench
planet 1s atiructed not only by the mun,
but by the othor plancts, their orbils
are slightly affected by each other. Tt wum
Newton who began the theory of planctary
perturbations.  1e ulso recognlzed comota
a8 membors of the solar system obedient
to the same law of gravity and moviog in
very elongated ellipses: lionce ho showesd
thelir return could be predicted, as In thecuse
of Halley's comet. Applyving the |dea of cen-
trifugal fores 1o the earth. considered ann ro-
tating boldy, Newlon percsived that it ecould
not be a true sphere, and caleulated its oblate-
nean, oblaining an oxcess of twenty-slght
miles for the cquntorinl over the polar dinme-
ter. Conversoly, he proved that from the
obaerved shaps of Juplter or any planet
the length of Ita day eould be estl-
mutedd, The shape of the earth thus
ealenintel must in combination with cen-
trifugal force cause the weleht of bodles
to vary with Iatitude. Newton computed
the amount of this variation and showed
that'104 pominds at the pole would balances 105
pounds at the enuator. He then procesiled to
demonstinte that the earth's equntorial pro-
tuberance, belng acted on by the attraction of
the sun und moon, must disturl: its axis of
rotation in a ealenlnble mannor: thus Is pro-
dueed the so-called precosslon of the ogui-
noxes. Agalp, the watsrs of the ocean ars nt-
tracted toward the sun and moon on one slde
anid whirled a littlo further away than ‘he
solld earth on the other sldo; henes Nowton
exnlained all the mnin phenomenn of the
tides. The sun's mass being known, he calou-
Inted thy bhaight of the solar tide, while from
the ahserved holghts of spring and neat 1des
ho detormined the lunar thle, and thence
made an estimate of the mass of the moon,

Buch aro some of the geims extracted from
thelir settingin the  Princlpia’ and prosentoed
by Prof, Lodge with remarkallo distinciness
and simplieity, 1t s hinrd, indesd, for any ono
to renlize the tremendous Night in knowledge
whieh was needed to epan the distance botweon
the gropings of Kepler, thuulemontary truths of
Gallleo, and the wild speculations of Descartos,
onthe one havd, and Newton's magnificent
systnin ol comprehensive sl well-ordered
knowledge. To many of Newlon's conlempo-
rarles It seomed as ifthere wore nothlng more
to Le discovercd ~as If the universe wore now
explored and only a few fragments of truths
remalned for the gleansr. Newton himpelf
was Inr from Imagining that he ind exhausted
the possibilitlen of discovery. It was when
witlts an old man, venernted and almost wor-
shipped by hils ecoevals, that he uttered the
well-known words: *'1 know not what the
world will think of my Iabors, Lut to mysolt
It seems that T have been Lut as a ehild
pinying on the senshore, now fnding somoe
pebble rathier more pollshed snd now some
shell rather more ngreeably varlogated thun
another, while the fmmense oroan of truthex-
tended itsolf unexplored before me."

Ve

Not long after Newton's desth two great
discoveries wers made Ly another English-
man, Prol. Brudley of Uxford, namely the aber-
ration of light and the nutstion of the earth's
axis Bomo fifty years earller, a Danlsh astron-
omer, Rosmer, biad surmised that light did not
fravel Instantapeously. butgradually, and that
the motion of light was compoeunded with the
motivn of the earth. Bradley demonstrated
the existenve and the osuse of the aberration
of light, and pointed out the method of deter-
mining its velocity. The veloclty of light he
proved must be len thousand times as great as
the velocity of the earth in its orbit; that is to
sar, it must be 160,000 miles & second. not very
difforent from tho epesd Nosmor had conjec.
tured In order to explain the anomalles of
Jupiter's Arstsatellite.

Ve come nowto the nebulsr hypothesis,
which, Indaed, had been suggested by Kant,
but whioh has been orincipally commended to
astronomers by The latter worked
very much i eonjunction with Lagranae &

ﬂﬂ"! rolid though 1

onn brilliant o and it 1s
Imposkible to apbortion the respeciiys Khares
of erodit botween theas two men, the greatest
sclontists that France haa prodaced. Betwoen
them fhoy explalned the libration or oscilla-
tion of the moon, which had besn discovered
by Galiloo just bators hin blindness—the long
Insauality of Jupiter and Saturn, the tormer
Ingging behind itatrus plaes, whils the motion
of Haturn i helng mcenlorated, the partutba-
tlons of Jupiter's satellitos and of cometa—and
the neceloration of the moon's mean motion,
The same twxo sciantista improved the lunar
thaory and the theory of the tidos. ne-
counted for {he porfodio changes In the
form and oblinuity of the sarth's orbita,
and demonetrated tha stabllity of the solac
kretem consldered na an nasamblage of rigid
bodien subject to gravity., Tt isobvious that
tha questlon whethier tlis solar syatam in atn-
ble was one of stuendous moment. If any
one planet of the salar system wero to fall into
the sun, espocially i it woran Lilg one, like
Juplter or Satirn, the et vroducod would he
RO torriflo that lite on this earth would be de-
wtroved, even at itn presont distance. We owe
to Lngrangs and Laplacs the proof that the
ehangon of the solar system wre not eumu-
Intive, but payiodis: that i, they repoat them-
selves at regular Intervals, and never exoeod n
cerfain moderate amount, The porlod, to bo
sire, issomething enormous. The members of
our golnr ayatem will not have monsthrough wll
thelr chungen of position until a poeriod ol two
milllon yeara haselapsad. This (s the term ol
the planatary oscillation, *a groat pondulum
ol eternity which beats out nges as our pendu-
lums hent soconds,"

The nobular hypothesis was thrown out by
Laplieo, not as the outeome of profound val-
culntion. like the demonsiration of the sin.
bility of the molnr aystom, nor ns follwing cor.
talnly from the theory of eravitation, and
therefors it ia not to ba nceonted nn more than
a brilliant apoculntion. to bs confirmed or re.
jectel, ns our knowledgo extonds. Rines the
timo of Lapince the nebular hypotliosis has
had upr and downs of erodence. but at the
present time it holds the fleld with apparently
groater probahility of ultimate trlumph than
hus ever bofore seemed to belong to it. ’

With the help of Prof. Lodee, {et us try to
Atate the nebulnr hypothests in a compact and
Intolligible form. We should, In the frst
place, recanitulate the datn on which it is
founded. They are those: Every motion in
the solar system known in Laplaco's time took
niaco fn one direction, and (n one direction
only, ‘I'husthe planets revolved aronnd the
sun, all golog the same way round: moons
revolved round the planets, still maintaloing
the same direction of rotation. and all the
bodies that were then known to rotate on
thelrown axes did so with the samo kind ot
spin. Morouver, all these motlons take plnce
In or near a single plane. The ancionts kpsw
that sun, moon, and plansts nll kesp neaf to
tho plane of the eclintle within & belt known as
tho rodine; none strays away into other parts
ofthe rky. Hatellites, nlso, and rings are ar-
ranged in or near the same plane, and the
plane of diurnal spin or enuntor of the differ-
ent bodies Is but slightly tilted.

Manifestly, all this could not be thé result of
chance. What could have caused It? Is there
any connection or common ancesiry to ae-
count for this strange famlily likeness ? There
Is no connection now, but may -theré not have
been onn once? Must there not have been
ons, we rliotild rather say ? It seoms as though
thoy had onee besn parts of one greal mass
rolating as & whole, for, If auch a rotating
muoes broke up, ita parts would retain its di-
rection of rotation. Dut such a mass Mling
all spacs as fnr as or beyond Saturn, although'
containing the materlals of the whole solar
system in itself. must have been of very rare-
fled conaintonoy. Oeoupring so mueh bulk, it
could not have heen solid, nor yot liquid,*but
it might have besn gaseous. Are there any
such gigantle rotating masses of ghs tn the
hoavens now? Certainly there are; there nroe
the nebulie.  Bomo of the nebulm ars now
known to be gnseous, and some of them, at
‘least, “are in a state of rotation. Laplass
could not have known this for eartain, hut. he
suspected it The Nrst distinetly rpiral nobula
was discovered by the telescope of Lord
Tlosse: and nuite recently n photograph of
the great Andromeda nebula, made by Mr.
Isane Rubierts, demonstrates that this pro-
digious niass is In a state ol oxtensive and
mugoestie whirl,

The problem presonted by tho dnta is the
following: A wvast moss of rolating gas s left
to itsoll 10 cool fur nges and to condenre as it
cools: how will it beliave? Laplace pletured
to himsell this moss shrinking, and theroby
whirling more and moro rapidly. A spinning
body shrinkinginslze and retaining it original
amount of rotation, ns it will unless o bruke Is
applied, must spin more and more rapidly ns it
shrinke. It has what mathematiciana call o
constant momentum, aad what it loson in ley-
eragans it shirinks it gnins (o speed. The mass
I= hald toeothoer by gravitation, every particls
attracting overy other particle, but, since all
the particles nre describing curved paths, they
will tend to fly off tangentially, and only s
small execss of the gravitation fores over
the centrifugnl is Ioft to pull the partiolus
In apd rlowly to concentrate the nebula.
The mutual  gravitation of the parts
Is opposed by tho centrifugal forte of
the whirl, At longth & polnt s resched
whera the two forses balance.. A portion out-
slde mcortain line will bo In equilibrium, It
will bo left bohind, nnd the rest must contraot
without it. Arlng (s formod, and away goes
the Inner nuoleus, contracting further and
further toward thocontre. After a time an-
other ring will be loft bohind o the same wny,
and g0 on. What happens to these riugs?
They rotnte with the motion they porsess
when thrown or shrunk off, but will they ra-
maln rings? 10 porfectly regulur they may:
ifthers be uoy irrogularity they ars lable to
break up. They will break Into one or two
ormore large masses, which are ultimately
vory likely to colllile and become one. The
revolving body =0 formed is still & rotating,
gusoous mass, and It will go on shvioking
and cooling and throwing off rings llke the
nucleus by which It has boen sbandoned, As
any nuclsun gets smaller. ita rate of rotation
inereases, and so the rlogs jast thrown off
will be evninning fastor thau those thrown off
enrller. The flnul nueleus or residuu! contral
Lody will be rotuting fastest of all,

The nucleus of tne whole original mass
which once contained all the matetiuls of our
solur aystem we now seo bhrunk up into what
wo onll tho sun, which 18 spinning on its nxla
onco every twenty-llve days. The rings suo-
ressively thrown off by It are now the planets,
some largo, some small-tho lust thrown o
rotaling around the sun compurativoly
quickly, those outslde much mors alowly,
Therings thrown off Ly the plunelary gase-
ous masses ns they contractod hiuve new ba.
come satollites, excopt one ring which hos
remalned without broaking up, ann Is (o e
seon rotating aronnd Noturn still. (e oflier
plmilay ring, an abortive attonpt ot & planet,
is nlsu lelt mround the sun, vi., the zone of
the so-called asteroids, Sucel, stated in n few
sentences, Is the hypothesls tirst projounded
by the philosopher, Koat, hut claliorated fy
much fuller detail Ly Laplace, the grentest of
Yrench mathematicluns and astronomars,

i

We have but little spave In which to tourl on
the last slx chaptors of Mr, lodee's bLook,
although these cover the fleld of recont astro-
nomlical discoveries, some of which are of ex-
traordinary interest. We cun only say of
Frederick Willlam Hersclie! that, while still
an amateur, he first drew attention to Uranus,
which he himeelf suspected to he & comat, but
which was discerned to be a plapet by profes-
slonal astronomers; that he subseqnently dis-
covered two moons of HBaturm hnd two of
Uranus, besides 2,500 nebulm and 508 duuble
stora; that he reviewed, dosoribed. apd
gauged all the visible heayens, and Nopally dis-
peovered that the stars were not flied, but in
fuotion, sud that the sun, as ons of themn, was
journeying toward & point in the constellation
Hesoules. Whether we look at the quantity or
quality of his work. we must promounes Bir
observing

' Groombrides 1830,

"What theorfath can'do was onos more sfignally
demonstrated by tha diseovary of Neptans
through sheer oaloulations bassd en the per-
turbations of Uranna It is now scknowledied
that thess caleulntions ware carried on simul
taneously and Indepondently by Levertier In
Parisand Adams (n Cambridgs. The planst
Neptuns was firsg knowlngly seen by Galle of
Berlin on Bepl. 20, 1846, ;

Proéminently with the name of Danrel (8 as-
sociated the ealcalntion of the distancen of the
#tars and the discovery of stellar plansta It
was Besssl who, by means of the hellometor,
rolved the problem ol stellar parallax, and
thus enabled ua to determine the distance nnd
real rate of travel of many of the stars, The
quickost moving stars as yet knuwn are i
double star of the sixth magnitude ealled 01
Cygnl andons ol thesavonth magnitude cullod
'I'he volocity of the latter
i 20 miles & second. The noarost known
stars are U1 Cygnl and a Contaurl, The dis-
tance of theso stars from us (s about 400,000
times tho distanco of the sun. Eiclus (s more
than a million times further from us than ocur
aun is and twenty times asbig. Many of the
brightest atars are at more than double this
distanca. Tne distance of Arcturus is too
groeat to measure aven now, Tha stars, [t s
well known, nro suns, most lkely surrounded
by planets, One planet balonging to Sirius
has been discovered. It was predicted by
Dlessol; Its position was caloulated by Peters,
mnd [t was soen by Alvan Clark In 180L An-
other planct predieted by Besael as beloneing
to Prooyon has not yet .besn discerned, al-
though its oxiatenco Is eredited.

It Is impoesible for the human mind to fully
grasp the meaning of the igures repressnting
the dirtance of the stnra.  Prol. T.odge essaya
to help us to comprehond them by the lollowing
sucgestlon: *Huppose,” he says, “we could
arrango some nort of tolegraphle vehicle able
to carry us from New York to Liverpool In the
tenth pnrt of a second—that (s, In the time re-
auired to drop two Inchos—auch a vehlele
woulidl earry us to tha moon In twelve seconds
and to the sun In an hour and a quarter.
Travellineg thus continually, In twenty-lour
houras we aliould leave the last member of tha
solar system behind us and begin our plunge
into the dentha of apace. IMow long would It
Lie befors we encounterod another object? A
month, would one guenn? Twenty yoars wa
should have to journer with that prodigious
apead before we should reach the nearest
star, and thon another twenty years befors
we.should reach another, at such awlul dis-
tances from one another are the stars scat~
terod In space: and were they not brilliantly
sell-luminous like our sun, ther would be
hopelesaly invisibla.

There are, no doubt, multitudes of stars that
will always be Invisible to us, and some that
ean now be descrled will not be visible hero-
after, We have seen that the quickest moving
stars aro thosas known as Ol Crgal aad
Groombridge 1830. Owing to thelr relative
qulcknesa of motlon, they have besn de-
acribed as flying stara. The actual speed of
Groombridgs 1530 Is about 200 miles a second
—a spesd grenter than the whole vlalble Airma-
mont of 50,000,000 stars can control. Unless,
therofore, the universs ls Immensely larger
than anvthing we can sce with the most pow-
erful telescopes, or unlens thero are crowds of
invislbls non-luminous stara mixed up with
the others, Immensely multiplring the at-
teactive power of the orbs vislble, the
star known as OGroombridge 1830 can
only Le a temporary visitor to this franis
#f things. It Is travelliog from am In-
Ninite distance to an Infinite distance: it (s
paseing through our visible universe for the
firstand only time; it will never return. Yet
B0 gigantic |a the extent of vislble space, that
even with (ta amazing speed of 200 milea
evory sacond this star will need two or three
million yeara to et out of sieht of our present
tuleacones, and several thousand vears before
It gets perceptibly fuinter than it is now.

' v,

We would not wholly overlook a ehapter In
which Prof, Lodge conslders the nature of
meteors or sp-called shooting stucs: We or-
dinarily seo thom:.aa maere streaksaf Light:
sometimes they leave a luminous tail bolind
them: occaslonally they appear as actual
firoballs, accompanied by explosions; some-
times, but very seldom, they nre eeen to drop,
‘and may subsequontly be dug up as lumps of
iron or rock, showing signs of rough treat-
mont by excoriation and hent. These last aro
the meteorites or acrolites of our museums,
They are popularly spoken of as thunderbolts,
though in reality they have nothing to do with

atmosvherlo oloctrieity. They appear to bhe
travolling rocky or metallio fragmonts which,
In thelr journey through space, are caught in
thoe varth’s utmosvhers and instantuneously
Ignited throngh the effoct of friction. Far
3wm‘ in the depths of space one of these wan-
ering Lodies [felt tho attracling power

ot tho sun and hogan moving toward
It As It mpproached, its spoed grow
‘gradually greator and ereater. until, hy

the time [£ has approached to within the dls-
tance of the earth (from thie sun, it whizzes
past with. the velocity of twonty-slx miles n
recond. It will bo romemberad that the oarth
is moving on Ita own acoount mincteen miles n
socond. If tho two bodies happon 1o bo mavs

In apposite directions, tha r:ornbimuln?uwl
would bo tetrifle: and the [xintost trace of ats
moar.\rra milos ahove the earth's surface
would exert u furious grinding astion on the
Atope. A stream of particles would be torn off;
It of fron, they would burn like & showor of
ﬂll&:f& from a llrowork. thus forming atrail,
and the mass itsoll woulil bo dlssipated, shnt-
tered to fragments in an Instant. On the
other hand.if tho sarth and the stone happenod
to be moving In the same dirsction, the stuns
would only have o differentinl velooity of
soven miles a eceond, and there then might
ba n chuges for a residue of the nucleus
of the meteor to csoape entire destruc-
tion, though It would be seraped, hentod,
and  superilelslly moltad by the friction
uf the earth’s almosphore; nevertlieloss
#0 much of [ts specd would Lo runbed
out of if, that, on striking the carth, it
might bury Itself only n few feet or yards I
tho soil, 5o that it could ho dug out. The nnume=
ber of meteorie stones, however, which thus
ronah tha enrth is comparntively intipitesimal,
Nearly ull got ground up and dissipated by the
atmosphero: und fortunate it is for us that
thoy ure =0, I'heir bombardment of the ex-
posed tace of the moon must Lo something
torrible, It Follows then that overy shootips
et we see and all tha myriads wo eannot aee
becanse they occur o the daytime relresent
the death wnd burlal ol one of those Hying
stones, IL has been coreering on 18 own ne-
aaunt through spnes for untold ages till |t
moets o pdaniot,  JEeannel, ns s ralo, striko the
actual boly of the planet, for the atmosphore
Isu ~ufeient gorevn,  Uhe tremondous frie.
thon reducos 1o dust In an instant, and this
ditst guletly settles down upon the plapet's
surlives, The guantity of metenrie moterial
whivh reaches the earth in the form of dust
must b ingmensely in exeoss of the minute
auantity which nrrives in lumpe, It s estl-
matd by Urofl Loddge that hundieds of thou-
sinls of tons of meteoric dust must be ro-
ceived I every vear,

Ad o the stracture of aomets, the selentifie
woril 42 not entively agreed, According to
the hypothiesis provisionnl ly acoepted in muny
aiarters comets nre large meteors or oum-
paet swarms of metoors, which, coming neur
et ot n highly rarefled sort of stmoss
in which thoy got heatsd and purtly
Vi ul, g ondinary metaoriies o
when ey dip into the atmosphere of Lo
eartin, 1t this hypothesls be wall founded, it
Is whvions that the matter evaporntod 'y u
comet dnder the son's heat would he lost 1
11 et and wlter s fow such journeys, frs
Lo matter wonhil et appreead 1v dihin
CAS o mtter of el the old-establislid
Pl Ly bo tinlls punk of,

ML Noully somo interosting fnets -
gordiug the velations of the encth and the
Wit BRonelt out fu s ehnplor o e thles
Thus we arw voimdoded (hat tidal energy i-
nroduesid nt the gxponse of tho earth's 1o!i-
ton, nud that ronreguently the length ol our
dnv is slowly inorensing. I8 also pointod
outthat the monn's rotativn relstive to Lie
eurth Lk beon destroyed Ly past tidsl ootion
in It ko that it turne always the same (ace
towiurd us The only residiue of anclent lunar
rotalion I8 now nscarcely paroaptiblo (hration
g;u-rﬂlua‘{laln.. 0 lu\‘gr.ua;~|)lniil[:|n tollml'thlwlrr

U o Al werlully Bupported Wy
Il'nf:‘ﬂ. H. Darwin, h’?u distanes of the moon
rom ® ourth Is  ctendily Increasing
t follows that lopg ago the moon must hove
been mueh u r the _earth, and thut the
Ay wias mueh shortar. 'I‘I.llg tiden ut thut time
were fur mors viclont. To quarter, for in-
stance, the distance of the moon from the
oarth would nake the tides sizty-four times
fis high, and convert them into s tremendous
denuiling ngont. It =, Isutly, o eurious fact
tint Mars's meons revolve around it more
auickly than the planet rotales. Henes, in-
Sivnd ol receding Iram 11, they must ba ap-
frumblnz it, ﬁ' may somo dey crtush wlong
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s surface. lnper moon now about
our thousand les away, and revolves in
even aud a hal aurh Mars. on the other

. rotates | lmuar- our and a half hour:
'““’"'ﬁ: whie ius threatons Ma.s .‘I

Wiliam Herschsl the greatest of
a8 distingulshod trom theorsticsl asizonomars.
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Bhe Baggeais Things that They Can De 40
Nmprove the City's Siroets,

To rax Eprron or Tre SOnv—S5r: Complaints
an to the prasomt condition of this oity are
numerons, hut suggations as toa remedy are
fow. Hnaving poarsd out the vials of our
wrath on the city antborition latus eoneidor
our Individual responeinilities in the uniform
dirt and disorder of ouf streeta, cars, and anl
publie places. Nefther the windom of Eolomon
nor the atrength of Bamaon, with two millions
of dollars annunlly to back them. could keep
this city clenn wihile a miMion of people de
thely uttermost to mnkaltojherwl!m Respaate
able men and women tear up lottersinine
finltesimnl piocos and mseatter them on the
wldowalkn: Inwloss boya pall. down shests of
ndvertiromonts and toss them up wnd down
the streots: mikmeon lonve huge carta @ilied
with tin eans stanling on the Boulovard all
day Bunday.

But to take up the nulannoes In the order of
the'!r obtrusiveness. lot us bogln with the pa-
porsy which are most sasily disporsd of, though
most glaring In appearanes. Thay are an ele-
mont of dangor. too; blowing about, they

frighten horaor, nnd :-nrrt digparon fiom one
neighborhiood to anather, \Wo fumigate lotters
from vosasls that have bhad contaglonn diss
cnnas on board, and then 1ot paners from
l-:tu!n. nsplting,  Jnile, - prisons, “n.m?ﬂ:
touses, ad the slums of aur llﬁ aport w
the winds from the four polntant t 1co‘npm
While Cammasloner Beennan and his stals
wart lorees Libor with the seows at nulgd
L ]
to

»

the carts on land, it would he well for t
womaon of this eity 1o san what thoy oan do
rellove the vlethoria weh baepals, which have a°
proeEantod n most pathetio ap tanca In our
ptrocts for the Inst month. Lot us bogin by
disposiig of the papers.  Fucl mistesss of »
house shiouhl sea that all refuse papors in her
domnin aee burnod en lisr roinises, aithar rn
the rango. the furnncs, on the pivement l|;| hor
bnek yard, or in the gutter (n front. The
Elionld nesar ba thrown Into tho ash barre
Lo ba Llown througl tho streets as ®ooi-ns the
aslios are vmptivd. Women shunld teach the
men  of their  ftamilies 1o do ths same
in thelr places of businnas, andnot allow theie
anllors Lo sweop uut bl.l!llﬂ}l\ ol tmpnrn to Iit-
ar up the atruu‘-f-. as 18 ofton tho crpe junt
aftor they liave been nicely cleanad. If we
have any oity ordinaness for bidding psoole to
throw refuse into Lhe streets, wo must ank
Mayor Gllroy to_have them printed In larze -
lotters and postoed in all public places;: In ourp i
schoola to commenca an odueational work
with our ehildron, and in our kitgliens to
Arouss our servants (o agme thought on this
lmportant question. Wofmen should take suf-
ficiont pride In thelr elty to seo that the lawse
arn not violatod nnd offenders are ropgrtod.

Having disposed of the papors, housekeop=
#rn ean dispose of n good aliare of the garbage.
Vegotables bolled with their jackets on are
enslly sernpod and the thin ekin burnod, which
I far better than poe lrr: therm hnlt un {neh
thiek and l!lruwlnﬁ the relusa into the
ash barrol. ¥gg shel lLbnnan. colfes grounds,
and ton leavos can nll be cesily oremated.

This done. the ashes, kept dry and free from
odors, ean bé apreail out on eny vacant lotk in
the suburls of the city, or on the swamp lands
In_Long Island and New Jersoy. - .

There wauld bo so lttle to burn In & private
family that it could ho “?l"' disposad of | -
the rangs nnd Turanes durthe the. winter. an
& amnll portabls furooes could be usad inthe
back yard In the summer, Women aro study-
Ing law, medicine, and theology: now lat tham
study enough of the srienes of chomistry to
dispose nf garbago in the moat approved man-
per, with the best deodorizsrs and fNra,

1f this oity i8 over to L clonned. Wwomen must 4l

take Lol of thie work.. The dear men have it .
tricd  two or threa centuries; oy huve |
wriggled., twisted cver the nmﬂlam. talk

otitioned, logisinted, nsed strong langungs,

ield the Street Commissipners: up {n thel {
mataphysieal tweazors in jong, sermons an
editorinle, but all to nio purposs, .q'laemunu thoy
forthwith empty thelr serap bhakets, full o&
papers, cigar stumps, toothpleks, red tape an

all, ints the streots.

Oou nover seo papera sonttared about in the
ftreets of London or Parls, nor anything on
tha floors of aven a third-class oor in England, .
But In all our Amerlean citlos and villages
pnpers nra Nying In wll directions, and our
cars, ospeelally in the Waest,'ure mors like pix
pens, at the and of a day’s journoy, than trayv-
elling conveynnces for the sovereign people of
& great rapublie.

8 the Exposition s to open in Chicago in &
!10&' monthes, we shall have visitara here from
all parts of the world, and thglc ?Irnt Im=
presalon of us ns a people will be' made by the
appearance of the etresls of our motropolis, 4
Hut the most eritienl visitor landine on our
#horas In the rpring will be the choloia, n stern
Judge who will pry into all the novks and eor-
ners, the lanes nnd courts, and punish us for
our sins in_ dark plases.
nimmuzh cloap
4

Unless wo mak
u;? of g}l_ ourL:l:lonawnuﬁl?aﬂ
of tha Iy

&k tho specess of | A I togethoe,
We elln ng N@ger poBa An ’i‘nmﬂi".ﬁﬁ’ r-'url':ro
ur youth an excusa,fora T

vitc phartoomings,
or foreigners will judge of our mfﬁm un%
the order and cleanliness of our olties .ni
poople, SLIZANETIE CADY HTANTON, (

BLOOMING IN THE GYMNAAIUAMS,

Schoolboys Hard at Work for Thelr Favor
ite Outdoor Hporiwe,

The athletlc schoolboys are takine all the
advantages of gymnastic work mowadays. AS
Lierkeler the cnndidates for the athletle team v
are kept o aotive daily tralning. . Dudley and
Cary, the two leading candidates, continue to
improve, and they will be Berkeloy's enly rep- k

rasentatives In the 100-yard dash for senlors,
In the junior 100-yard dash, In which only
boya under 16 years old will be allowed te
compete, I Diep. . Held. and Wilson wiil .
represent Herleley. Tho schoolalso has quite ﬂ‘
a promising broad jumper In Bowers. -

The pole vault is cne of the new inter
#cholastie events, and ms yot thars areonly g ¥
few candidates. At Uerkeley only one lnd hag
thus far junfped Into view. und he ia Frad de
Trayster, Dick Elllott Is doing well in the 440«
ard run, while intha half-mils run O, Irwin-

lurtin, De Poyster, nnd Flor are running Wen.
lrw,in-ifnrtln will also enter forthe one-mil ' j
run, nleng with E. Fahnestoek, 1. Crane, an '
Cunningham. Trainlog for the one-mile walk

re Teddy Bogert, Flliman, and F. Hrower.

logert is expected to eapture tnﬁ evant, for
Iterkeley, Somus of the eandldatos for the
other events are: Dayne nnd J, B Wast, |
theone-mile hicyele rnco; h V. (& Bichards an
T. Moornn, in the hurdles: ‘I, Ball, Ellioty, an et
(L Usburn, [n the shot-putand hammor threw, »io
anid Fiteh, Howers, Dudloey, and M, \Tntnrburr.
Intho high jumps, §

Tho sehivolboys will soon begin to talk bas

mll,  Tho suecessor te the luterscholastie

Athletie Lenguo will hgom the sport th
In tho leaguo are Columbia Gramma
Iyn Luotin, nnd_5t. Jolhp's sehools. F-'e
Military and Montelnir  Military academies,
nnid Stevena School of Hoboken. The Adel-
rlnuun of Brooklyn may try.to join some
ohgue, Artliur Otterson, the erack ﬂralll.;u
mun, has loft the T,nut‘lnmr and so has .dd?;
Pinrre, who played third base and who oap-
tnined the team Inst spring. It 14 llknllr ‘that
Verey Ldgar will be behinid the bat and Burg
Hodgson the piteher,  Thozs ia nome talk of & °
Grndunte Advisory Committee for the Adelyhl,
Irthis is formed it Is probable thatthe Adelphi
tenms wiil Lo nssured of some good couching
by graduptos.

At I'ratt Institute the hovs nre more apt ts
turn theie attention to track athlotics nstes
of busebnll. Now that they hinve w gymnasium,

18 lads ray do botter. They have mors ine -
duesment, however, to engneo in track nfhe
elica, The athlntos e drewn from the dit-
forent achnols of the institute. Thoy ses not
confined to those pudents tulilng the regualar

course. ‘I'he studentd (g the arenitpetaral
and  moehinicnl drawing dennrtments are
mado weleome on the athilvtie el From the -
Behiool of Arvhitectiural reawing comos Barts
lott, one of the best athletes ot the institat
Btelliins |8 the best athleto in the mechinlea

o _r.'?'u]n! cONTAR

drawing department. In

A ) Carl,
fonned Baylis, 04,
hehool  Loys incline
18 ey nover [nu'n dons
ulhiloties, hut their bnssball
Wil fon = liave aecomphished u grent

flehe

don] withiin Bl past T ¥ Aext spring
they are admost wore of having o winning insags
bl e Thaey dovote all thele aftorugons to
gk, land greac e s are not 1oo luay to go
to Prospoct ek to play. 1 wils not be much
of w surprien winong the kpowing one It th

HWiggh Sehial sicie win the et piousiip, of

Lot Dsland thas spring.

B &

Fouud o ( Y l!nu:lin-'- Mummy, ¥ "
doomiha Minswrypalic T30 3

CHAnLEs Cion, Ia, Feb, 6 Vol Cloment T
Webistor of this city has petusnod from lils exe
fended rescarclins and explorit,ons "mong
tho nnolent ¢liff dwellors' riius of Mexigo,
New Mexico, anl other purtions of the sou&..
wust. The grentest discovery which thefpro-
foesor miilo was that of & perfectly prepared
el dweller's mumm‘r. NlM'rr Lelore ﬁ" -
diweovery  of this kied beco made. s
mummy, whieh s thut of m ehild appa 1y
ahout years of mga, wan dincovered s
cliff dwolliug on the Klu Gila, in the “ n

m%‘l‘:“"ﬁh'l”'i in a remarkable state of press
8 body Is a Ahip s [ T
vation, and s asthor small when oo
with that of u child of the same age of ta-day,
1tis of u yellowlish brown eolor, wnd I8 rather
Hght 'In welght. 1ta arms' are upralsed near
Hin sldes of fis head, the hands ciinched, wpd
tho logs ure romoewhat deawn Uje The Wi
whieh s parlectly proservad, js ol nbusulf?ul
Lirown color (1ike “that of the adults found -
braided. and ansooiatod with it), ana of & &)k y
texture, The birdy Lud boen earafully wrip.
ped in two varietles of conrse oloth, Auch as wis
Sl the curata Bousd sats's bars o
ore, then carsfully boupd onto a peculiar
a board of eotton ¢ of

! m [
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